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Sir : 

I, Lawrence Cohen, declare and state that: 

1. I am an employed by Somatix Therapy Corporation as 
Vice President of Research. I have worked at 
Somatix Therapy Corporation since 1988. My 
Curriculum Vitae is presented herewith as Exhibit 1. 

2. I am familiar, with the Specification and Claims of 
the above- identified patent application (heretofore 
the "present application") and the Office Action 
mailed April 17, 1996 (Paper No. 12) . 

3 . It is my understanding that the Examiner contends 
that the Claims of above - identified application are 
obvious over the teaching of Cone and Mulligan, 1984 



PEMP-55557 . 



(Proc. Natl. Acad. Sci . 81:634 9-6353) in combination 
with other references. 

I have read and am familiar with the above - identified 
reference by Cone and Mulligan ("Cone") . 

It is my opinion that, given the teaching in the Cone 
reference, one of ordinary skill in the art as of the 
filing date of the present application would not have had 
a reasonable expectation of successfully practicing the 
claims of the present application. My opinion is based 
on the fact that subsequent studies have shown that 
retroviral titers of the concentration disclosed by Cone 
(">10 5 ") are insufficient to effectively transduce 
mammalian cells without selection. For example, to my 
knowledge the first published report that primary human 
tumor cells could be transduced without selection was 
made in 1993 by Jaffee et al . , 1993, Cancer Research 
53:2221-2226 ("Jaffee", attached as Exhibit 2). Jaffee 
used a novel retroviral vector that is an embodiment of 
the vectors described in the above - identified 
application. To my knowledge, retroviral transduction 
without selection (as reported in Figure 1 of Exhibit 2) 
generally requires high titer stocks of transducing 
virus. In particular, a minimum titer of approximately 
5 x 10 6 transducing virus per ml is required. This 
concentration of retrovirus is at least several fold 
higher (if not a full order of magnitude higher) than the 
retroviral titers reported by Cone. Accordingly, it is 





my opinion that one of ordinary skill could not have used 
the teaching of Cone to practice the presently claimed 
invention. 



invention, the cell lines and vectors taught by Cone 
would have not provided one of ordinary skill with a 
general expectation that mammalian cells could be 
successfully transduced without the use of selectable 
markers. In fact, the first published disclosure of 
human primary tumor cells transduced without selection 
{i.e., Jaf f ee et al . ) was made nine years after Cone was 
published. During those nine years, novel retroviral 
packaging cell lines were constructed (as described in 
U.S. Patent No. 5,449,614 "'614", issued September 12, 
1995) , and the equally novel retroviral vectors of the 
present application were constructed. Jaf fee et al . 
obtained these pioneering results after combining novel 
vectors and a packaging cell line that were both 
developed well after Cone was published. It should also 
be noted that one of the incentives for producing the 
claimed vectors and the packaging cells described in the 
'614 patent was the realization that many methods of ex 
vivo or in vivo gene therapy would not be compatible with 
the prolonged periods of selective culture used in 
previous methods of transduction (including the methods 
specifically described by Cone) . In many respects, the 
above insight played a key role in motivating the *" 
development of retroviral vectors that lack a selectable 



6 . 



It is also my opinion that, prior to the present 
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marker (i.e., the presently claimed vectors). Cone 
neither taught nor suggested the above insight . 



under the laws of the United States of America, that 
all statements made herein of my own knowledge are 
true and that all statements made upon information 
and belief are believed to be true, and that these 
statements were made with the knowledge that willful 
false statements and the like so made are punishable 
by fine or imprisonment, or both, under §1001 of 
Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



7 . 



I hereby further declare, under penalty of perjury 





Lawrence Cohen, Ph.D. 
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Abstract 

Preclinical studies with murine tumor models have demonstrated that 
autologous tumor cell vaccines engineered to secrete certain cytokines in a 
paracrine fashion elicit systemic immune responses capable of eliminating 
small amounts of established tumor. These results have engendered much 
interest in developing this strategy for gene therapy of human cancer. The 
major limitation to creating genetically modified autologous human tumor 
vaccines is efficient gene transfer into primary tumor explants, since the 
' majority of human tumors fail to proliferate in long-term culture. Using 
the retroviral vector MFG in conjunction with short-term culture tech- 
niques, we have achieved, in the absence of selection, a mean transduction 
efficiency of 60% in primary renal, ovarian, and pancreatic tumor ex- 
plants, and we have developed an autologous granulocyte-macrophage 
colony-stimulating factor secreting tumor vaccine for clinical trials. 

Introduction 

Recently, a new tumor vaccine approach using genetically altered 
autologous tumor cells to secrete local concentrations of cytokines has 
been developed in murine models (1-9). In some of these models, 
lymphokine gene transduced tumor cells have been shown to generate 
a local, tumor-specific immune response when administered as a s.c. 
vaccination (1-3, 5-9). In addition to rejecting the genetically modi- 
fied tumor cells, vaccinated animals may develop a T-cell -dependent 
systemic immunity which in some cases can cure micrometastases 
established prior to treatment with the genetically altered tumor cells 
(1-3, 7, 8). Recently, a direct comparison of multiple cytokine genes 
transferred into a poorly immunological murine melanoma model 
identified GM-CSF 3 as the most potent in generating a protective 
response (7). Two critical features of this approach include: (a) the 
ability to generate a T-cell dependent tumor-specific systemic immu- 
nity; and (b) the production of lymphokine only at the tumor site, 
thereby producing a strong antitumor immune response without sys- 
temic toxicity. 

The extension of this strategy to human cancer therapy will require 
two technical advances. First, the gene transfer systems used must be 
able to routinely introduce lymphokine genes into human tumors 
efficiently and must be able to produce consistent levels of gene 
expression. Other investigators report an efficiency of transduction of 
no better than 1 in 100 tumor cells so that the vector carrying the 
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cytokine gene must also transfer a selection marker. 4 Second, the 
tumor cells that are transduced must be from primary human tumor 
cultures established at the time of surgery. All previous reports of gene 
transfer into human tumors have used vectors containing selectable 
markers and stable long-term cell lines rather than primary tumor cell 
cultures. Because stable long-term cultures cannot be established for 
the vast majority of human tumor explants (melanoma being the 
exception), these gene transfer approaches will fail to generate suffi- 
cient numbers of genetically modified cells (10, ll). 4 Even for the rare 
circumstances in which long-term cell lines can be established, trans- 
duction of cell tines and posttransduction selection might result in 
selective loss of expression of critical tumor-specific antigens ex- 
pressed by the parent tumor in vivo. Boon et al. (12, 1 3) have provided 
evidence to support this contention by showing that it is possible to 
isolate several tumor-specific T-cell clones from a patient with ma- 
lignant melanoma. Evaluation of these T-cell clones for lysis of mel- 
anoma tumor cell clones obtained from the same patient revealed three 
melanoma-specific antigens. The first antigen was present on all mel- 
anoma clones tested, the second antigen was lost during long-term 
culture, and the third antigen was expressed on a minority of tumor 
clones (12, 13). 

In this article we report the use of a retroviral vector system to 
achieve high efficiency transduction of primary human tumor explants 
without requiring long-term culture or selection. These results provide 
the basis for the routine production of genetically modified autologous 
tumor vaccines. 

Materials and Methods 

Patients. All surgical specimens were obtained from patients with a histo- 
logical diagnosis of either renal cell carcinoma; ovarian carcinoma; adenocar- 
cinoma of the lung, colon, and pancreas; squamous cell carcinoma of the hypo 
pharynx; or carcinoma of the breast. All of the tumors were primary resections 
except for the five ovarian tumors which were obtained from ascites and the 
two breast carcinomas which were obtained from pleural fluid. Informed 
consent to use these surgical specimens was obtained from all patients prior to 
the surgical procedure. 

Dissociation of Primary Human Tumor Explants. All tumors were trans- 
ported from the operating room on ice and were mechanically dissociated into 
t-5-mm fragments within 1 h. These tumor fragments were then enzymatically 
digested, initially by exposure to collagenase (GIBCO; 1 mg/ml; 173 units/ 
mg), for 20-30 min in a vigorously shaking 37°C incubator. Single cells in the 
supernatant were removed. The remaining pellet was exposed to two more 
cycles of enzymatic digestion with collagenase followed by trypsin-EDTA 
(GIBCO; 0.25% trypsin, 1 m M EDTA) and DNase I (776785; 0.1 mg/ml; 
Boehringer Mannheim Biochemical) until all of the fragments were fully 
digested. This process yields approximately 5 X 10 6 viable malignant cells 
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cancer patients using autologous cancer cells modified by insertion of the gene for 
interleukin-2, Recombinant DNA Advisory Committee Protocol, approved 3/1/92. 
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from a 1.0-g tumor mass. Cells from all digested fractions were pooled and 
incubated in selected growth medium. Cells were passaged when each flask 
reached 80-100% confluence. 

In Vitro Growth of Primary Human Ttimor Explants. Conditions nec- 
essary for the short-term growth of primary human tumor cultures were eval- 
uated in the following way. Freshly digested tumor cells were plated in dupli- 
cate at 1 X 10 5 cells/75 cm 2 flask. Each growth condition was evaluated both 
separately and in combination with other growth supplements (Tables 1 and 2). 
Different media including RPMI, Dulbecco's modified Eagle's medium. Ham's 
and Aim-V preparations, and lots of FBS were the initial components of growth 
medium screened (Tables 1 and 2). Following identification of the optimal 
medium and serum, additional additives were systematically evaluated (Table 
2). Each supplement was evaluated for at least 2 in vitro passages/patient tumor 
and for enhancing the growth of at least 2 different patients' tumors of before 
routinely including it as a supplement for tumor growth. When tumor cells in 
each flask reached 100% confluence, they were trypsinized and counted before 
being replated. 

Transduction of Primary Human Tumor Cultures. Transduction is per- 
formed with the MFG retroviral vector system. The structure of MFG has 
recently been described (7, 17). Briefly, in this vector, Moloney murine leu- 
kemia virus long terminal repeat sequences are used to generate both a full 
length viral RNA (for encapsidation into virus particles) and a subgenomic 
mRNA (analogous to the Moloney murine leukemia virus env mRNA) which 
is responsible for the expression of inserted sequences. The vector retains both 
sequences in the viral gag region shown to improve the encapsidation of viral 
RNA (16) and the normal 5' and 3' splice sites necessary for the generation of 
the env mRNA. Protein coding sequences are inserted between the Nco\ and 
BamHl sites in such a way that the initiation codon of the inserted sequences 
is placed precisely at the position of the viral env initiation codon, and minimal 
3' nontranslated sequences are included in the insert. No selectable marker 
exists in the vector. Complementary DNA sequences encoding the cytokine 
were inserted into MFG and the resulting vector constructs were introduced 
into CRIP cells as previously described (17) in order to generate recombinant 
virus with amphotropic host range. 

The retroviral producer cell line, CRIP, is grown in culture to confluency in 
Dulbecco's modified Eagle's medium + 10% calf serum. Two days prior to 
transduction, the cells are trypsinized and replated at a density of 2 X 10* 
cells/1 00-mm culture dish. One day prior to transduction, 10 cc of fresh 
medium are added to the cells. On the day of transduction, a 24-h supernatant 
is collected and filtered through an 0.45-um filter to remove contaminating 
retroviral producer cells. Human tumor explants growing in culture at a density 
of 5 X 10 5 cells/75 cm 2 culture dish are incubated with 10 ml of retroviral 
supernatant containing 70 ug/ml of DEAE-dextran (Sigma, St. Louis, MO; 
D-9885) at 37°C. (Of note, it is important to perform a dose response curve to 
compare new preparations of DEAE-dextran prior to use because we have 



found that the optimal concentration of DEAE-dextran needed for successful 
transduction can vary between preparations.) A 4-h incubation period is opti- 
mal for efficient gene transfer. Following transduction, the retroviral superna- 
tant is removed and the cells are grown in culture for an additional 3 days to 
allow for integration and expression of the transferred DNA. 

Assay for LacZ Expression. To determine the rate of transduction of 
primary human tumor explants using the MFG retroviral vector system, we 
used a vector containing the LacZ marker gene. This gene encodes for expres- 
sion of Escherichia coli £-galactosidase and is used because it is easy to assay 
for its expression using cytochemistry methods (18). 

Three days after infection with the retroviral vector, adherent tumor cells are 
trypsinized and washed with PBS (pH 7.3). The tumor cells are then fixed with 
gluteraldehyde (final concentration of 0.5% gluteraldehyde in PBS) for 5 min 
on ice. The cells are subsequently washed once with PBS and resuspended in 
a substrate solution containing the substrate bluogal at a final concentration of 
300 ug/ml, 0.2% of a 1 m solution of MgCl 2 , 0.16% potassium ferricyanide, 
and 0.2% potassium ferrocyanide in PBS (pH 7.3). The tumor cells are incu- 
bated overnight at 37°C without C0 2 . Following incubation, the tumor cells are 
counted on a hemocytometer. The transduction efficiency is defined as the 
percentage of positively stained cells. At least 200 cells are counted/specimen. 
Cells are determined to be positive for the transferred gene if they have a 
cytoplasm that appears to be uniformly blue. 

Assay for Human GM-CSF Production. The TF-1 cell line, described by 
Kitamura et al (19), is a human line isolated from a patient with erythroleu- 
kemia and is used to evaluate GM-CSF production by transduced human tumor 
cultures. Growth of these cells is dependent on the addition of GM-CSF to their 
media. These cells are passaged 3 times/week in RPMI 1640 supplemented 
with 10% FBS, 1 mM L-glutamine, 50 ugAril penicillin and streptomycin, and 
5 ng/ml of recombinant human GM-CSF. A [ 3 H)]hymidine incorporation pro- 
liferation assay using these cells is performed by first washing these cells 3 
times to remove GM-CSF. The experimental supernatants obtained by growing 
1 X 10 5 transduced human tumor cells for 24 h in 5 cc of tumor growth 
medium are collected and filtered through an 0.45-um filter to remove con- 
taminating cells and plated (100 ul/well) in 96-well flat plates at 1:3 dilutions. 
I X 10 4 TF-1 cells (100 ul/well) are added to each well in growth medium 
without GM-CSF and are incubated X 24 h at 37°C. 

[ 3 H]thymidine (1 uCi) is added to each well and the cells are incubated for 
an additional 1 8-24 h. At the end of the incubation period the cells in each well 
are harvested and counted in a beta counter. 

Results 

Establishing Primary Human TXimor Cultures. Our method of 
digesting freshly excised tumor specimens routinely yields 5 X I0 6 
viable tumor cells/g of excised tumor. It should be pointed out that 



Table 1 Basal media and FBS screened for primary human tumor growth support in vitro 
At least 2 histologically similar tumor cell types were grown in each of the basal media listed above and studied for enhanced in vitro proliferarion. Varying amounts of FBS were 
also evaluated. Growth rate was initially evaluated by daily observation and scoring of duplicate flasks." 



Medium 


Renal cell 
carcinoma 


Ovarian 
carcinoma 


Pancreatic and 
colonic carcinoma 


Breast 
carcinoma 


Adeno lung 
and SCCA % C 


Base medium 
RPMI 1640 
Ham's FI0 
Modified Eagle's 
Aim-V 

DMEM rf Ham's FI2 


++'' 
++ 

NT 


++ 
++ 

NT 


++ 
NT 
NT 
NT 
NT 


NT 
++ 


++ 
NT 
NT 
NT 
NT 


Defined FBS (%) 

0 

5 
10 
15 
20 
25 


++ 

++++ 

++ 


++ 

++++ 
++ 


++ 

++++ 
NT 


+++ 

++ 
++ 
NC 
NT 


NT 

NT 

NT 

NT 

++++ 

NT 



^ u »ures were scored usmg the following scoring system: NC. no change in growth rate; - decreased growth; ++. 2-fold increase in growth; +++. 3-fold increase in growth- ++++. 

i« ^hTT" m Jf r JTfSLT rr B « 0t tCStCd <a 2 " f ° ld inCrCaSC in gr ° Wth = 2 [timCs] 016 nUmbef of CC,ls oblained from the ^ntrol flask during a 96-h incubation period). When the cells 
in each flask reached 100% confluence (total cell number = approximately 2 x 10 6 /flask), they were trypsinized, counted, and replated for further growth evaluation The number of 
passages reached/given time period was also recorded. For some tumors the doubling time was estimated using a [ 3 H]thymidine uptake proliferation assay 
Adenocarcinoma (Adeno) of the lung and squamous cell carcinoma (SCCA) of the tonsil. 

r Only one tumor of each tested. 

d DMEM, Dulbecco's modified Eagle's medium. 
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Table^^H7/i supplements screened for primary human tumor growth *%m* in vitro 

. a s — .... *, .„ ^ 



Growth supplement 

Recombinant GF C 
Human insulin 
Epidennal GF 
Fibroblast GF 
Insulin-Jike GF-1 
Insulin-like GF-2 
IL-6 
IL-3 

Keratinocyte GF 
Insulin-like GF 1 + 2 
Keratinocyte + Epidermal GF 

Other supplements 
Hepatocyte GF 
BPE 

Hydrocortisone 
Ascorbic acid 

Keratinocyte + Hepatocyte GF 
Matrigel 

Selenium + Transferrin 

Triiodothyronine 

Glucagon 

Estradiol 

Ethanolamine 

Phosphoethanolamine (14) 

TPB (15) 



Renal cell 


Ovarian 


carcinoma 


carcinoma 


NC 


++++ 


++ 




NC 


NC 


NC 




NC 


IMP 


NC 


NC 


NC 
++ 


SIC 

++ 




++ 
+++ 


-M-+ 


NC 


++ 


NC 


++ 


NC 


NT 


NT 


++ 


NC 


NC 


NC 


NC 


+++ 


NT 


NT 



Pancreatic and 
colonic carcinoma 



NC 
NT 
NC 
NC 
NT 
NT 
NT 

++ : 

NT 



++ 
NT 



Breast 
carcinoma 


Adeno lur 
ana 5CCA 


++ 


++ 


++ 
NT 


Mlf 

NT 


NC 


NC 


NC 


NC 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


NT 


++ 


NT 


++ 


NT 


++ 


NT 


NT 


NT 


NT 
+++ 


NT 


++++ 


+++ 
NT 



++++ 



NC 



a Adenocarcinoma (Adeno) of the lung and squamous cell carcinoma (SCCA) of the tonsil 

Only one tumor of each tested. 
C GF, growth factors; BPE, bovine pituitary extract; TPB, tryptose phosphate broth. 
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these results take into account our recent data which suggest that 
mechanical dissociation into 5-mm tumor fragments prior to digestion 
is superior to enzymatically digesting smaller tumor fragments, espe- 
cially when only collagenase is used for the initial enzymatic diges- 
tion. 5 In fact, when tumor cells that are mechanically dissociated are 
grown separately from collagenase-digested tumor cells but in the 
same growth medium, the initial growth rate of the mechanically 
dissociated tumor cell population is much slower, resulting in roughly 
one-half the number of expanded cells during the first two in vitro 
passages (data not shown). 

We have evaluated 24 renal cell carcinomas, 26 ovarian carcino- 
mas, 8 colon carcinomas, 5 pancreatic carcinomas, 3 breast carcino- 
mas, an adenocarcinoma of the lung, and a squamous cell carcinoma 
of the tonsil for short-term in vitro growth. Growth conditions were 
studied using the procedure described in "Materials and Methods." 
Initially, the optimal base medium and FBS were determined for each 
histological tumor type (Table 1). Lots of characterized and defined 
FBS were screened. Once an adequate lot of serum was identified, the 
percentage of FBS was evaluated. A list of the base media and per- 
centage of defined fetal bovine sera is shown in Table 1. Additional 
supplements were subsequently evaluated. A list of these growth 
supplements can be found in Table 2. Optimal short-term growth of 
fresh human tumor explants is dependent on several conditions. Com- 
mon to all histological tumor types with the exception of breast 
carcinoma is the percentage of high grade FBS used in the buffered 
medium. All of the other tumors grown in our laboratory to date grow 
well in 20% characterized or defined FBS. Breast carcinomas require 
i% FBS or less. Greater than 5% FBS can result in overgrowth of 
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fibroblasts (14). Ovarian, colon, and pancreatic tumor explants also 
require the addition of human insulin (0.2 units/ml). The addition of 
transferrin and selenium will often enhance the growth of ovarian and 
breast carcinomas. Renal cell carcinoma explants require the addition 
of tryptose-phosphate broth (10%; Difco; 006O-O1-6) and occasion- 
ally, bovine pituitary extract (Sigma; PI 167). Colon tumor explants 
grow well in a medium that is also supplemented with bovine pituitary 
extract. With these defined conditions an expansion of the tumor cell 
population of 10-fold or greater is routinely obtained during a period 
of 2-4 weeks (Table 3). 

In addition, an attempt was made to identify characteristics of the 
initial tumor specimen that were associated with enhanced or inhibited 
in vitro growth. In particular, histological diagnosis, degree of malig- 
nant cell differentiation, and degree of necrosis were compared with 
the last in vitro passage achieved by the tumor. Interestingly only the 
degree of necrosis adversely affected the success of short-term in vitro 
growth. In contrast, all malignant histologies could be grown equally 
well provided that the conditions for each histology were optimized 
To illustrate this point, the results for 26 nephrectomy specimens 
evaluated for in vitro expansion are shown in Table 3 

Transduction of Human T\imor Explants. We have identified 
three conditions that are critical for high efficiency gene transfer to 
primary cultures of human tumor cells. First, successful tranduction 
requires a vector system that can transduce cells efficiently, resulting 
in consistent levels of gene expression. Although the quality of ret- 
roviral supernatants can vary, this problem is easily controlled by 
tittering of the retroviral supernatants using easily transducible cell 
lines prior to use in gene transfer to the fresh human tumor explants 
Second, efficient retroviral gene transfer and expression depends on 
the percentage of tumor cells within the tumor population that are 
actively proliferating at the time of gene transfer. In general trans- 
duction efficiency correlates with the percentage of tumor cells un- 
dergoing cell cycling since integration of the retroviral vector into the 
host genome is required for expression of the transferred gene. Third 
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Table 3 Results of in vitro expansion of 26 fresh human renal cell explains 
after nephrectomy 

All tumors were obtained at the time of surgical excision; mechanically dissociated; 
and enzymatically digested into a single cell suspension. Cells were grown in vitro using 
the growth conditions described in "Results." The initial cell number was usually 1 x 10* 
cells obtained from a 2-g tumor mass. Tumor cells were passaged every 4-5 days by 
trypsinizing the cells off of the culture flask and splitting them 1:3. A passage (P) was 
defined as the point at which the tumor cells reached 100% confluence. The n-fold 
increase represents the estimated increase in tumor cells if the total number of cells 
obtained at the end of each passage were continued in culture until the last passage 
obtained (3-fold increase = 3 100% confluent tissue culture flasks obtained as the result 
of splitting a single flask 1:3). The number of patient specimens (N) with a particular 
histological subtype that reached each in vitro passage is also recorded in parentheses. 



Last passage 


/i-fold increase 


Histological subtype (N) 


P2 


9 


Oncocytoma ( 1 ) 

Clear cell, grade III (l) a 


P3 


27 


Oncocytoma (2) 
Papillary, grade II (I) * 


P4 


81 


Granular, papillary (3) 
Granular (1) 
Grade I, clear cell (1) 
Grade II, clear cell (1) 
Grade III, clear cell ( 1 ) 


P5 


243 


Sarcomatoid ( 1 ) 
Grade II, clear cell (1) 
Grade III, multicystic (1) 
Papillary, grade II (1) 


P6 


729 


Grade II, clear cell (2) 


P7 


2187 


Grade II, clear cell (3) 
Papillary, clear cell (1) 
Sarcomatoid (1) 


No growth 


0 


Benign histologies (2) 
Oncocytoma ( 1 ) 



a Small tumor, too few cells obtained. 
b Severe necrosis. 



transduction efficiency can be enhanced by the addition of polymers 
to the retroviral supernatant just prior to exposure of the target cells to 
the retroviral vector. Enhanced gene transfer is thought to occur via a 
charge-mediated mechanism that affects virus binding to or penetra- 
tion of the target cell. The polycations protamine, polybrene, and 
DEAE-dextran are routinely used for this purpose (20). 4 However, 
protamine, which has been commonly used for previous gene therapy 
trials, gives low efficiencies of gene transfer to human lymphocytes 
and tumor cell lines, and therefore requires the cotransfer of a select- 
able marker. 4 We therefore performed an extensive comparison of 
polybrene and DEAE-dextran, using a wide range of concentrations 
and exposure times of these agents to the target cell. Although both 
agents increased the transduction efficiency of human tumor cells in 
primary culture, DEAE-dextran resulted in less cell toxicity than 
polybrene at equivalent enhancement doses. Thus, we find that DE- 
AE-dextran is a potent enhancer of gene transfer to primary human 
tumor cultures. It also results in less target cell toxicity. 

An ovarian tumor cell line derived from a patient with malignant 
ascites was initially used to evaluate optimal transduction conditions. 
These conditions are described in "Materials and Methods." 

These conditions were then used to evaluate 8 renal cell carcino- 
mas, 5 ovarian carcinomas, 5 colorectal carcinomas, 2 pancreatic 
carcinomas, 2 breast tumors, 1 squamous cell carcinoma of the tonsil, 
and 1 adenocarcinoma of the lung for transduction efficiency using the 
MFG vector carrying the E. coli LacZ gene (Fig. 1A). Using the 
conditions described above, we were able to show expression of the 
LacZ marker gene in at least 20% of each tumor population, with a 
mean of 70% for renal cell carcinomas, 65% for ovarian carcinomas, 
and 43% for colon carcinomas. In 16 of 21 tumors, we were able to 
achieve at least a 40% transduction efficiency. We have also attempted 
to transduce several other histological human tumors, including a 



squamous cell carcinoma arising from a tonsil (40% transduction), an 
adenocarcinoma of the lung (82% transduction), and 2 breast carci- 
nomas (mean transduction efficiency of 28%). 

Recent studies evaluating the antitumor immune response gener- 
ated by a variety of single lymphokines using the B16 melanoma 
murine model revealed that the cytokine GM-CSF can generate an 
enhanced antitumor immune response that is much greater than the 
response generated by any other cytokine tested (7). In vivo depletion 
studies revealed that this response is dependent on both CD4+ and 
CD8 + T-cells. Additional experiments indicated that maximal sys- 
temic immunity was achieved when the average level of GM-CSF 
production by the vaccine cells was equal to or greater than 36 ng/10 6 
cells/24 h. 5 These preclinical studies provide the immunological data 
needed to begin to apply this approach to the treatment of cancer in 
patients. As a prelude to initiating clinical vaccine trials, we used the 
same MFG retroviral vector to transfer the human GM-CSF gene to 3 
renal cell carcinomas, 2 colon carcinomas, and 3 pancreatic carcino- 
mas (Fig. \B). In 6 of the 8 tumors, GM-CSF production was at least 
50 ng/10 6 cells/24 h. It was even possible to improve production of 
GM-CSF by the less efficiently transduced tumors, 1 to more than 50 
ng/10 6 cells/24 h, after a second retroviral transduction was per- 
formed. Southern blot analysis of 5 of the renal cell carcinoma cul- 
tures genetically altered to secrete GM-CSF revealed a range of in- 
tegrated vector copy numbers between 0.5 and 2 copies/cell. This 
correlated with a range of GM-CSF secretion between 26 and 74 
ng/10 6 cells/24 h (Table 4). In addition, the transduced cells can freeze 
and thaw easily, with minimal loss of the number of viable, lympho- 
kine-producing cells (Fig. \B). This confirms that the MFG vector 
system has the ability to very efficiently transfer human cytokine 
genes to fresh human tumor explants. 

Discussion 

Preclinical murine studies have shown that tumor cells, genetically 
altered to secrete lymphokines, will increase the immunogenicity of a 
tumor when given s.c. in the form of a vaccine. The gene transfer of 
GM-CSF, in particular, stands out as the cytokine that generates the 
greatest antitumor immune response in murine models (7). Further- 
more, the local secretion of GM-CSF at the site of the tumor leads to 
the production of both helper and cytolytic cells that can circulate and 
eradicate existing tumor at distant sites. In addition, our previous 
studies have also shown that tumor cells genetically altered to secrete 
local concentrations of GM-CSF will cure mice of micrometastatic 
melanoma. These studies therefore provide the theoretical basis for 
using this approach to treat human cancers. 

We now report that it is technically possible to produce a geneti- 
cally-altered autologous human tumor vaccine for patient trials. In 
addition, we' T provide evidence for successful gene transfer to short- 
term, primary tumor cultures, which is a critical advantage over pre- 
vious reports of genetically altered long-term human tumor cell lines. 
Since the goal of a genetically altered tumor vaccine is to activate the 
immune system of a patient to recognize and eradicate existing tumor 
at other sites, therapeutic efficacy will depend on reinjecting a pop- 
ulation of vaccine cells that represent the antigenic diversity of the 
parent population. There is now evidence that suggests that long-term 
in vitro culture of human tumor cell lines results in the loss of ex- 
pression of relevant tumor antigens. For example. Boon et at. (12, 13) 
found that the immunodominant T-ce!l recognized antigen in a human 
melanoma was spontaneously lost upon long-term culture and sub- 
cloning. To our knowledge, this is the first report of high efficiency 
gene transfer to primary human tumor cultures without requiring 
simultaneous transfer of a selection marker for in vitro selection of the 
transduced cells. 
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Fig. 1. A, transduction efficiency of primary human tumor cell populations. All tumor 
cells were transduced with the MFG retroviral vector carrying the E. coli LacZ marker 
gene. 0-galactosidase activity was assayed using the substrate staining procedure de- 
scribed in "Materials and Methods." Percentage transduction was calculated as the total 
number of positively stained cells/200 cells stained. MD, moderately differentiated; PD, 
poorly differentiated; LN, lymph node; SCCA, squamous cell carcinoma; Adeno, adeno- 
carcinoma. B, GM-CSF production by transduced renal cell, colonic, and pancreatic tumor 
cells. AH tumor celts were transduced with the MFG retroviral vector carrying the human 
GM-CSF gene. GM-CSF production by I million transduced tumor cells over a 24-h 
period at least 3 days following transduction was determined using the bioassay described 
in "Materials and Methods." Two transduced renal tumor cell cultures were evaluated for 
GM-CSF production before and after freezing and thawing the tumor cells. One pancreatic 
and two colon tumor cultures were evaluated for GM-CSF production after two consec- 
utive GM-CSF gene transfers. The second GM-CSF gene transfer was performed 72 h 
following the first gene transfer. Of note, GM-CSF production by primary untransduced 
iumor cultures at the corresponding in vitro passage was also determined. GM-CSF 
production was detected by 2 renal cell carcinomas (12 versus 83 and 3.2 versus 78.6 
ng/10 6 cells/24 h. untransduced versus transduced, respectively), and I colonic carcinoma 



Table 4 Results of the comparison of GM-CSF secretion with vector copy number in 
GM-CSF transduced human renal cell tumor cultures 
Five primary renal celt tumor cultures were plated at 3.5 x 10* cells in 225-cm 2 tissue 
culture flasks and transduced 24 h later with 25 ml of retrovirus containing supernatant in 



the presence of lOpg/ml DEAE-dextran for 24 h. GM-CSF 



enzyme-linked immunosorbent assay 48 h later and all values 



secretion was determined by 



tl _ A . _ , — were normalized to ne/10 6 

cells/24 h. The concentration of GM-CSF secretion was also determined for untransduced 
human renal carcinoma cultures at the same in vitro passage number. Vector copy number 
was determined by Southern blot analysis. 



GM-CSF 


GM-CSF 




secretion 


secretion 




pretrans- 


post trans- 


Vector 


duction 


duction 


copy no. 


6.4 


35 


1.6 


1.2 


26 


0.5 


2.5 


48 


2.0 


3.4 


74 


0.9 


4.7 


63 


0.7 



Histological subytpe 



Grade II, clear cell 
Grade II and HI, clear cell and granular 
Grade II, clear cell 
Grade I with oncocytic features 
Grade II with oncocytic features 



A proliferating population of primary human tumor cells is critical 
for retroviral mediated transduction since proliferation of the majority 
of tumor cells within the culture is necessary to facilitate integration. 
For this reason, growth conditions necessary for in vitro expansion of 
several histologically different fresh human tumor explants were op- 
timized. It is also worth noting that even the short-term culture of the 
primary tumor cells yielded a significant increase (greater than 10- 
fold) in the total number of tumor cells. In fact, of 26 fresh human 
renal cell explants received after nephrectomy, 2 1 of the 24 specimens 
(88%) with malignant histological subtypes were propagated in cul- 
ture long enough to successfully undergo gene transfer. 

Murine tumor vaccine studies have revealed that for GM-CSF 
a full antitumor immunization potential is obtained over a greater 
than 10-fold range of cytokine concentrations (7). However, immu- 
nization potential was extremely dependent on vaccinating cell dose, 
with increasing doses providing increased systemic protection against 
tumor challenge. It is therefore likely that at least 1 X 10 8 cytokine- 
secreting tumor cells will be needed to generate an optimal antitumor 
immune response in patients. Thus, to produce tumor vaccines from 
the majority of patient specimens, either 10 g of viable tumor must be 
available or the primary culture must be expanded at least 10-fold. 
Since the average weight of excised tumor specimens received by our 
laboratory is 2-3 g, in most cases vaccine development will depend on 
the success of in vitro expansion. Given that the majority of tumor 
cells proliferate for 2-3 passages under the growth conditions we have 
developed, it is unlikely that major populations of antigen-bearing 
cells will be selected out during the short-term culture period. 

Our system has two further advantages over past approaches. First, 
we have found that it is possible to freeze and thaw previously trans- 
duced tumor cells without loss of cell viability and gene expression. 
This should allow for flexibility in therapy administration. Second, 
these cells can be irradiated following transduction, resulting in the 
inhibition of cell proliferation without loss of in vitro GM-CSF pro- 
duction. Our preclinical animal studies confirm the in vivo efficacy of 
these irradiated tumor vaccines (7). Thus, this vaccine should be as 
safe as it is effective. 

The transduction efficiency ranged from 39 to 100%. This was 
particularly true when the vector was used to transfer the LacZ marker 



(20 versus 70 ng/IO* cells/24 h, untransduced versus transduced, respectively) LN lymph 
node. ^-(2.3-D.oleoyloxy)propyl)-A/./V,Af-mmethyl-ammoniummethylsuIfate, a cationic 
lipid often used for transfection of DNA into mammalian cells (available from Boehrineer 
Mannheim), was used instead of DEAE-dextran to enhance retroviral infection It was 
found to be as effective but slightly less toxic to the tumor cells when compared with 
DEAE-dextran, enabling a second transduction to be performed on the same cells Al- 
though the second transduction resulted in improved GM-CSF production, its cost may 
prohibit its use in clinical trials. 
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gene. There are at least three possible explanations for variability. 
First, successful gene transfer may be dependent on the histological 
tumor type or the degree of cellular differentiation of the tumor cells 
that are being tranduced. Our data do not demonstrate a correlation of 
transduction efficiency with the histological cell type or degree of 
differentiation of the renal cell, pancreatic, and colon carcinomas that 
have been evaluated so far. In contrast, all of the ovarian carcinomas 
were from ascites, which may explain the less variable range of 
transduction efficiency among these more advanced populations of 
tumor cells. A comparison could not be made for the breast, lung, and 
squamous cell carcinomas because too few tumors of these histolog- 
ical types were evaluated. Second, integration of the transferred gene 
is dependent on proliferation of the tumor cell population. Therefore, 
efficient gene transfer requires proliferation of the majority of tumor 
cells within the explanted population. It may be that suboptimal tumor 
cell proliferation of some primary tumor cultures explains the wide 
range- of transduction efficiencies among the initial gene transfer 
experiments performed using the LacZ marker gene. However, it does 
not account for the entire problem since we see less variation in 
transduction efficiency with improvement of our technique of retro- 
viral supernatant collection. Third, transduction efficiency is depen- 
dent on the virus titer of retroviral supernatant, which will vary with 
different titer collections. This should no longer represent a significant 
practical problem as recent advances in long-term freezing of ampho- 
tropic retroviral supernatants will allow lots to be tested for titer prior 
to their use in vaccine preparation. 5 

In addition, when GM-CSF secretion was compared with the vector 
copy number for 5 genetically altered renal cell cultures, the number 
of integrated copies/cell did not perfectly correlate with the concen- 
tration of GM-CSF produced. A possible explanation for this is that 
expression of retrovirally transferred genes may be dependent on host 
cell-derived transcription factors that vary among different histolog- 
ically similar tumor cultures. We also noted that with increasing 
passage of the human renal tumors cells, endogenous GM-CSF pro- 
duction was induced. However, levels of endogenous GM-CSF 
(which ranged from 0 to 20 ng/10 6 cells/24 h, with an average of 4.1 
ng/10 6 cells/24 h) were far below the threshold for maximal vaccine 
potency (36 ng/10 6 cells/24 h) as determined in our animal studies. 

In conclusion, we have shown that it is possible to establish and 
efficiently transduce short-term, primary human tumor cultures. The 
MFG retroviral vector system has made it technically feasible to 
provide safe, efficient gene therapy to patients with cancer. In addi- 
tion, this vector appears flexible enough to transduce a wide variety of 
histological tumor types. We are planning to use this vector system in 
a Phase I study to evaluate the antitumor immune response generated 
by autologous GM-CSF-secreting renal tumor cells in patients in the 
near future. ' 
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